In complete transposition of the great vessels, survival is possible only when a route of access exists by means of which venous blood may enter the lungs. This report concerns 2 patients in relatively good health in whom a high degree of mixing of venous and arterial blood occurred through an atrial septal defect. The diagnosis was established in both patients by cardiac catheterization.
In complete transposition of the great vessels, survival is possible only when a route of access exists by means of which venous blood may enter the lungs. This report concerns 2 patients in relatively good health in whom a high degree of mixing of venous and arterial blood occurred through an atrial septal defect. The diagnosis was established in both patients by cardiac catheterization.
ACCORDING to Keith and associatest complete transposition of the great vessels is found in approximately 12 per cent of patients who die in infancy with congenital heart disease. In the classic form of this condition, the aorta arises from the right ventricle and lies anteriorly and on a plane slightly to the right of the pulmonary artery. Depending on the degree of counterelockwise rotation from 90 to 180 degrees, the position of the aorta in relation to the pulmonary artery may be variable and thus many anatomic subvariations have been described. In the basic malformation there is no arrangement by which venous blood can pass through the lungs and then to the systemic circulation; therefore this condition is incompatible with life. Valve-competent foramen ovale or atrial septal defect, ventricular septal defect, or patent ductus arteriosus, alone or in combination are the commoner pathways that allow mixing of the blood between pulmonary and systemic circulations. In approximately 40 per cent of cases the interventricular septum is closed and in approximately 8 per cent an atrial septal defect is the only communication between the two sides of the heart. Anomalous pulmonary venous drainage is rarely an associated anomaly.
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Transposition occurs more frequently in males than in females in a rato of 3 :1. Evi CASE REPORTS Case 1. The tenth child of a family was born at term after an uneventful pregnancy. He was intensely cyanotic at birth and spent the first week of his life ill an incubator. A heart murmur was noted at the age of 3 months and the patient was referred to the Mayo Clinic for evaluation.
On examination he was found to be well devel- In spite of the breathing of 100 per cent oxygen, systemic arterial blood was desaturated to 89 per cent and the saturation of mixed venous blood was reduced to 70 per cent. There was arterialization of the blood in the right atrium equivalent to a left-to-right shunt of approximately 40 per cent. The saturations of femoral arterial and right ventricular blood were not significantly different. The saturation of pulmonary venous blood was 100 per cent, and it must be presumed that a further comiplement was present in dissolved form, since the patient continued to breathe 100 per cent oxygen. The oxygen saturation of left ventricular blood was significantly less than that of the pulmonary venous blood. Assuming the oxygen content of pulmonary venous blood to exceed capacity by 1 100 ml. of blood, the pulmonary blood flow was calculated to be 10.7 L. per minute per M.2 of surface, whereas the systemic flow was 3.9 L.
An understanding of the indicator-dilution curves seen in transposition of the great vessels with intact ventricular septum may be facilitated by figure 3, which illustrates the path taken by the indicator following its injection into the right and left ventricles.
The dilution curves obtained in case 1 are shown in figure 4. The differences in appearance times and peak concentration values after injection of the dye into the 2 ventricles are apparent. All the dye injected into the right ventricle appeared to have passed directly to the systemic arterial system. In contrast, a longer appearance time, reduced peak deflection, and prolongation of the disappearance slope characterize the curve obtained after left ventricular iniection. The latter are indicative of pulmonary recirculation.
The dye curves recorded after injection of indicator into the superior and inferior venae cavae are essentially similar to one another in appearance time and contour. They differ from the curve obtained after injection into the right ventricle in that the peak concentrations are smaller, and the disappearance phase fails to show the nearly complete return to zero concentration shown on the right ventricular curve. On comparison of the caval dilution curves with the latter, it appears that approximately 45 per cent of the blood draining from the superior vena cava is shunted across an interatrial communication into the pulmonary circulation and an even greater amount of blood from the inferior vena cava reaches the left atrium. This is analogous to the demonstration of a larger right-to-left shunt from the inferior than from the superior vena cava in patients without transposition who have an interatrial communication located in the fossa ovalis.7
The striking difference in the drainage pattern fig. 2, left) . This alone indicates that no significant flow of blood to the lungs occurs at or distal to the right ventricle. 2. The differences in magnitude of peak de- flection and in contour between the curves recorded after injection into superior and inferior venae cavae and right ventricle. 3. Evidence for pulmonary recirculation in the curves recorded after injection into pulmonary vein and left ventricle. 4. Longer appearance time for curves recorded after injection into left ventricle in contrast to that for pulmonary vein, localizing the left-to-right shunt to atrial level. QRS axis to lie between 1700 and 1800; there was evidence of right atrial enlargement and right ventricular hypertrophy; the left ventricular potential was not well represented by the standard electrocardiographic leads (fig. 5a ). The roentgenogram of the thorax showed evidence of generalized cardiac enlargement with increased pulmonary vascular markings (fig. 5b) .
The pressure in the right atrium was normal on catheterization of the right side of the heart (table 1). The right ventricular pressure was elevated and identical with that in the aorta, which was entered from the right ventricular outflow tract ( fig. 6a and b) . During the procedure the catheter entered the left atrium through an atrial septal defect and was advanced into the left ventricle ( fig. 6c) where the pressure was low. There was an apparently significant pressure gradient between the 2 atria. The pulmonary artery was not entered.
The oxygen saturation of femoral arterial blood of 68 per cent indicated severe systemic desaturation and was identical with that of the right ventricle and aorta. The saturation of mixed venous blood was likewise reduced. There The dye-dilution curves are shown in figure 7. There is an obvious difference in the appearance time, peak deflection and disappearance slope of the 2 curves after injection of dye into the right and left ventricles respectively.
Dye injected into the right ventricle appeared at the femoral artery almost immediately. The resultant dilution curve had a rapid upstroke and sharp downstroke with almost complete return to the base line, followed in 10 seconds by a second deflection. This was almost certainly due to the passage into the arterial system of indicator which had returned to the heart from the systemic circulation. Dye injected into the left ventricle passed through the pulmonary circulation before reaching the sampling site. This curve is characterized by a longer appearance time, reduced peak concentration, and a marked prolongation of the disappearance slope.
The curves obtained after dye was injected into the aorta and right ventricle, respectively, were identical and excluded any hemodynamically significant communication to the pulmonary vascular bed at or distal to the ventricular level.
Injection of dye into the superior vena cava resulted in a curve that differed from those obtained after injection into the right ventricle and aorta in that the area subtending this curve was reduced by approximately 25 per cent and the clearance of dye on first circulation was less complete. The reduction in the area of the initial portion of the curve is due to the loss of dye that had been shunted across the atrial septal defect into the left atrium while the incomplete clearance is explained by the circulation of the shunted dye through the lungs. A part then re-enters the right side of the heart (shunted left to right) across the atrial septal defect. The curve recorded after injection of dye into the left atrium showed a shorter appearance time compared to that obtained after injection into the left ventricle, which served to localize the shunt to the atrial level.
DIsCussIoN
In both cases the following facts were established during catheterization of the heart:
1. There are 2 anatomically and functionally separate ventricles. The systemic ventricle, which is a high-pressure chamber and supplies the high-resistance systemic arterial bed, is the anatomic right ventricle. The anatomic left ventricle is a low-pressure ventricle that supplies only the low-resistance pulmonary vascular bed. The pressure measurements alone prove the presence of separate pathways of egress from each ventricle.
2. The oxygen saturation of the femoral arterial blood is identical with that from the right ventricle and aorta and is much less than that of blood from the left ventricle.
Arterialization of the caval blood takes place at atrial level, and this mixture supplies the systemic arterial system.
3. There is no further drop in the oxygen saturation of blood from the left ventricle as compared to that of the left atrium. This alone, in the presence of the significant pressure gradient across the ventricular septum, FIG. 7 . Dilution curves recorded at the femoral artery in case 2. The similarity of these curves to those obtained in case 1 is apparent. Note that the second deflection for the dilution curves recorded after injection into the right ventricle and aorta is due to dye that has returned to the heart from the systemic circuit and has not passed through the lungs. excludes any significant shunt at ventricular level.
4. The dye-dilution curves confirm the presence of 2 separate drainage pathways from the ventricles. The longer appearance time and prolonged disappearance phase found after injection into the left ventricle show that blood from this chamber first passes through the pulmonary vascular bed before a part reaches the systemic circulation. Similarly, the contour and appearance time of the dye curves after injection into the right ventricle and the aorta prove that they alone patients, aged 21/2 and 3 years, with moderate physical disability due to cyanotic congenital heart disease are reported. In each patient, 2 ventricles were entered, the left with a low level of pressure and a high blood-oxygeni saturation, the right with pressure equal to systemic arterial pressure and a reduced blood-oxygen saturation equal to that of systemic arterial blood. It was demonstrated by indicator-dilution curves that all blood from the right ventricle passed into the systemic circulation, while all blood from the left ventricle passed into the pulmonary circulation. Mixing of systemic venous and pulmonary venous bloods at atrial level was also demonstrated. On these hemodynamic data the diagnosis of complete transposition of the great vessels with atrial septal defect was made.
SUMMARIO IN INTERLINGUA Es reportate le resultatos de catheterismo cardiac in 2 patientes, de 21/2 e 3 annos de etate, con moderate grados de invaliditate physic como effecto de congenite morbo cyanotic del corde. In ambe casos, penetration de ambe ventriculos esseva effectuate, le ventriculo sinistre con un basse nivello de pression e un alte saturation de oxygeno, le ventriculo dextere con un pression equal al pression arterial in le circulation major e un saturation oxygenic del sanguine reducite al nivello trovate in le sanguine arterial del circulation major. Esseva demonstrate per curvas de dilution de un indicator que omne le sanguine ab le ventriculo dextere passava a in le circulation major durante que omne le sanguine ab le ventriculo sinistre passava a in le circulation pulmonar. Esseva etiam demonstrate le mixture de sanguines venose del duo circulationes al nivello atrial. Super le base de iste datos hemodynamic le diagnose de un transposition complete del grande vasos in association con defecto atrio-septal esseva formulate.
